Introduction Myxoma virus, a poxvirus pathogen of rabbits, encodes an α2,3-sialyltransferase, vST3Gal I, required for virulence [1] . vST3Gal I is distinct from any sialyltransferase characterized to date [2] . The enzyme not only transfers sialic acid from CMP-NeuAc to Type I (Galβ1-3GlcNAcβ-), II (Galβ1-4GlcNAcβ-) and III (Galβ1-3GalNAcβ-) acceptors, but also to fucosylated substrates like Lewis x and Lewis a . This unusual specificity has been exploited in a one-pot multi-enzyme synthesis shown in Scheme 1. Since two reaction pathways occur (I and II), an NMR-based estimation of fluxes through both pathways was required to optimize conversions to the final product. Experimental Recombinant vST3Gal I was expressed in Sf9 cells and purified by ion-exchange chromatography. α1,3-FucT was from Calbiochem and β1,4-GalT was isolated from bovine milk. All NMR spectra were recorded on a Varian Inova 600 MHz spectrometer in D 2 O at a temperature of 27.0 ± 0.1 °C. Spectra are referenced to external 0.1% acetone at 2.225 ppm. igure 2 1 H NMR spectra of the five carbohydrates of the one pot synthesis
Results
Starting with N-acetylglucosamine, sialylLewis x was synthesized using β1,4-galactosyltransferase, UDP-Gal, α1,3-fucosyltransferase, GDPFuc, viral α2,3-sialyltransferase and CMP-NeuAc. The progress of the reaction was monitored up to 26 hours by 1 H-NMR for deconvolution of the five-compound mixture (Figure 1 ) which shows the extent of fucosylation and sialylation. For easy reference, the NMR spectra of the five carbohydrates involved in the reactions are shown in Figure 2 . Conclusions 1) NMR can quantitate intermediates in a one pot reaction with up to five species present. 2) Optimization is complicated by varying rates of transfer to LacNAc and Lewis x by different preparations of recombinant vST3Gal I ranging from 5:1 to 1:1. In the reaction shown in Figure 1 , enzyme with a 2:1 ratio was used.
